Due to the high social, economic and image costs associated with every single incident, the first indepth studies on the importance of the Human Factor (HF) have been carried out since the 70s in the field of aviation, both military and civilian, and in the nuclear field. To date there are several methodologies by which it is possible to estimate the human error probability. However, all these techniques have the disadvantage of not being able to analyse the unconscious component involved. Therefore, the aim of this research is to integrate into the analysis of the human factor some psychodynamic investigation techniques, capable, indeed, to stress the unconscious component of potential sub-threshold
INTRODUCTION
Interventions for reducing risks and improving the reliability of the plants have certainly led to a significant evolution of the health and safety of the workplace [1] [2] [3] [4] .
The technical nature of these improvements does not allow the effect acting on the primary cause of accidents: human error [5] [6] [7] [8] [9] . This is the reason why a greater focus on aspects concerning the human factor (Human Factor -HF) is now needed [10] , laying the foundation for an evolution in the evaluation and management of risks. However, this evolution presents various problems:
• sometimes, the industry approach focuses more on the behavior of operators, human error and compliance procedures, neglecting the real human contribution and limiting the study of the root causes but are yet essential;
• companies are often marked by a strong technical background and rarely have expertise in organizational and human factors;
• there is still little referenced documentation designed to promote the transferring of scientific knowledge acquired to those who deal with safety (industrial, trade unionists, supervisory authorities, etc.).
Therefore, integrating human and organizational factors [11, 12] in the policies and activities of industrial safety requires the ability of using new knowledge belonging to social sciences (ergonomics, psychology, sociology, etc.).This knowledge must still be connected to operational problems, in the particular case of our research, they included the emergency response of security guards (GPG) operating the security service within the Gran Sasso mountain underground laboratory of the Italian Institute for Nuclear Physics (LNGS-INFN).
In particular, it is important to point out the peculiarity of this service: the GPG in question, even during the night, is served in the underground with shifts envisaged by their national collective bargaining agreement: in this context, these activities are included in the list of assets classified as 'particularly arduous' by Italian law [13] . For this reason, it is of greater interest to assess what entails working in a so peculiar underground work environment, trying to propose management measures to improve the mental and physical health of workers.
The Gran Sasso National Laboratories (LNGS) are one of the experimental research centers belonging to the Italian National Institute for Nuclear Physics (INFN). A scheme of the LNGS is shown in Figs 1 and 2 . The LNGS facility is made up of two main areas:
• external Operations Centre in Assergi, L'Aquila (Italy);
• underground Laboratories inside the Gran Sasso mountain.
Both of the areas are located in the heart of Gran Sasso and 'Monti della Laga' National Park. The underground laboratories, housing about 20 international experiments, are located under a rock layer of about 1,400 m of thickness, acting as a shield against cosmic radiation. The underground cavity is just in the middle of the Gran Sasso highway tunnels (a double-tunnel 10,500 meters long gallery). Moreover, LNGS are surrounded by a huge water reservoir. The research areas in which the laboratories operate or plan to operate are: the study of rare nuclear phenomena, the study of the most penetrating components of cosmic rays, neutrino physics and dark matter. LNGS consist of three experimental halls of about 100x20x20 m 3 each: Hall A, Hall B, Hall C. The connection among the halls is achieved by other smaller galleries: Car tunnel, Truck tunnel, connecting tunnels. Besides Health & Safety regulation in the workplace, LNGS are subjected to the European Directive Seveso III (2012/18/UE) (briefly Seveso in the following): they are classified as major accident hazard plants because of the presence of experiments using and storing substantial amounts of substances classified as dangerous for the environment. In compliance with Seveso, LNGS have adopted a Safety Management System (SGS) implemented through 16 Procedures and Operating Instructions. Furthermore, LNGS have a specific Internal Emergency Plan (PEI) and a General Emergency Plan (including the emergency aspects connected to the complex surrounding environment).
Within the Gran Sasso National Laboratories, for the security and management of major accidents, an armed security service and firefighting service operate within.
The surveillance service requires the presence of 4 special security guards 24 hours per day and a guard on duty 12 hours on 24, for a total of 5 seats distributed among the Operations Centre in Assergi and the underground laboratories. Each GPG is in connection via radio and/ or phone with the other employees of the security service and the staff of the LNGS. Furthermore, GPG are all trained on safety and firefighting.
The firefighting service operates exclusively in the underground laboratories and involves checking and daily management of the technological and safety systems.
MATERIAL AND METHOD

The analysis of the human factor performed at LNGS
The attention was focused on the GPG serving in the laboratories. For the valence of the analysis carried out, a comparative sample has also been created. For this reason, in addition • 'B1' group: operators who rarely (less than twice a week) access the underground laboratories: mainly administrative staff;
• 'B2' group: operators who frequently (more than twice a week) access the underground laboratories: mainly researchers working in the experimental collaborations.
Most of Human Reliability Analysis (HRA) methods used for the qualitative and/or quantitative analysis of the human error are based on the safety guaranteed from the environment, on the knowledge learned by the operator and on his cognitive engagement (human factor) [14] [15] [16] . However, the highest level of consciousness is still subject to extremely conditioning conflicts, thus not ensuring the full efficiency of the safety & security staff in emergency situations and personal risk (defense mechanisms). Therefore, the purpose of this research is the introduction of investigative methods capable of exploring the unconscious component of an individual in the evaluation of human factors involved in safety & security. These methods allow comparison of the most attentive consciousness in time and space with the necessary awareness of their role (social identity). The new spectrum diagnosis of mental illness uses dimensional tests able to detect the under-threshold disorders: disorders that the old categorical classifications were forced to exclude from the assessment, losing the opportunity to point out a very important psychological component that can adversely affect the performance, even if not representing a disease condition. Therefore, three types of self-administered tests have been submitted to the samples. The tests can detect:
• the placement of the sample within a spectrum of under threshold pathology in dimensional continuity with the normal state of mental health (General 5 -Spectrum Measure -GSM -V) [17] ; • original test which assesses the oneiric stress (Oneiric Stress Test -TSO), a window on the unconscious closely correlated to actual work experience [18] . TSO has already been applied providing useful and interesting results [19] . Some operators have not filled the TSO correctly answering questions that, for their case, were still not relevant. The results were nevertheless considered (TSO 'wrong') and compared with the correct questionnaires (TSO 'right') omitting the additional responses;
• the presence of complexly differentiated symptoms (Symptom Check List), with a focus on sleep disorders. The SCL-90-R evaluates a wide range of psychological problems and psychopathological symptoms, by measuring both the internalizing (depression, somatization, anxiety) as the externalizing (aggression, hostility, impulsivity) symptoms of psychiatric patients and nonclinical subjects [20] .
Processing and data analysis
After the phase of administration of the questionnaires, the results were entered into a spreadsheet to allow subsequent processing with Excel®, MATLAB® and IBM® Statistical Package for Social Science® (SPSS®).
Univariate analysis A first important moment of the data analysis is represented by the descriptive statistics (univariate) which, using one or more positions and variability indices (eg. mean, mode and relative frequencies), giving the possibility to synthesize all variables (also called 'characters') taken individually. Descriptive statistics offer an initial representation of the primary features of each variable and allow to identify more specific statistical techniques to be used for a later and deeper data analysis. Descriptive statistics have been performed using the SPSS®'s function called 'Descriptive' from the menu 'Analyze', giving the possibility to calculate and report to a pre-set output the characteristics of each variable. Finally, using the values of kurtosis and skewness, the normality of each indices has been tested with the z-test [21] .
Bivariate analysis The identification and analysis of possible relations between the different variables was essential for the aim of this research. For this reason, a bivariate analysis has been required. The bivariate correlation and the simple linear regression are part of this type of analysis: with the first one, it is possible to analyze whether there is a relationship between two variables (how and how much two variables vary together), while the second one can analyze the shape of the relationship between the two characters. For the pairs of variables with both having a normal distribution, the Pearson product-moment correlation coefficient has been calculated, but in cases where the normality was not met, the Spearman's rho method has been preferred. The latter index has also the advantage of being less affected by the outliers and can also be used for limited size samples (7-30 pairs of values). The Spearman's rho, however, requires the fulfillment of two conditions that are: monotonicity and qualitative or quantitative ordinal character type [22] [23] [24] .
To determine the possible monotonicity in the relationship between two variables, scatter plots have been produced with MATLAB®. With these plots, two characters can be graphed, one in respect to the other, and it is possible to visually check whether or not monotonicity is present.
Both the correlation analysis and the simple linear regression have been performed with SPSS®. With SPSS® the two-tailed statistical for computing the statistical significance of the correlation coefficient or the Spearman's rho have been also performed. The statistical significance of a result is the probability that the observed relation (between variables) or difference (between means) in a sample would occur by pure chance if no such relationship or differences existed in the population from which the sample was drawn. Significance is expressed as a decimal. A significant result is usually considered to exist where the p-value (or probability) is <0.05, meaning that the results obtained would occur by chance alone less than 5% or the time [25] .
The index identified by a double star (**) have obtained a p-value less than 0.01, then there is a probability less of 1% that the results obtained are due to a chance. For variables marked by a single star (*), the p-value is less than 0.05.
The output of SPSS®, as further confirmation of the obtained values, has been compared with the same produced with MATLAB® using the command: [RHO, PVAL] = corr (X, Y, 'name', value).
The questionnaire is characterized by having all indices independent to each other, therefore, to evaluate the relationship between the different characters, the simple linear regression was chosen: the only variable beyond which they may depend consists in the years of service inside the LNGS ('Year LNGS'). Even for the linear regression analysis, the results obtained with SPSS® (coefficient β associated with the independent variable and the R-square) were compared with those obtained with MATLAB® thanks to the 'Basic Fitting Tool' and the procedure for calculating the R-square in the manual 'MATLAB® -Data Analysis'. With SPSS® the ANOVA table has also been calculated to determine the statistical significance (using an F-test) of the method and, by means of the 'adjusted R-square', it was possible to estimate the Effect Size (ES) according to Cohen's classification [25, 26] . The ES is used to measure a treatment's effect. Unlike significance tests, this index is independent of sample size.
As a final check of the satisfactory fitting of the model to the actual data, we chose to use the Durbin-Watson test (D-W test) [27] . With this test, it's possible to test the null hypothesis that the residuals from an ordinary least-squares regression are not auto correlated. The Durbin-Watson statistic ranges in value from 0 to 4. A value near 2 indicates non-autocorrelation; a value tending to 0 indicates positive autocorrelation; a value tending to 4 indicates negative autocorrelation.
In parallel with the uni and bivariate analysis, both the t-test for independent samples and the one-way ANOVA (Analysis of Variance) have been performed.
The t-test is used to determine if there is a difference between the means of two groups with respect to a dependent variable of the continuous type (all the three questionnaires indices are of this type). More specifically, the test helps in determining how likely this difference is also reflected in the entire population and not just between the observed samples (statistically significance) [25] . Via the ANOVA analysis, it is then possible to extend the comparison of means to more than two groups.
Both tests have been conducted using the appropriate function of the statistical software SPSS®. The output produced by the program shows the difference between the means, the result of the confidence interval and the value of statistical significance (p-value).
RESULTS
The univariate analysis results for the three compared samples are presented. As it is possible to see from Table 2 , in general the results obtained from all three groups are below the maximum values (MAX column) and, except for a single index, all the values of those who work more frequently underground are minor compared to those who rarely access the underground laboratories. Predictably, some items of the TSO 'wrong' have a slightly higher value than the same TSO 'right' (Table 3) . Subsequent analyses, however, have not been affected by these differences. Regarding the three global indices (Total tiredness, Total mixed state and Total Conflict Stress), the scores obtained from the sample B1, are often (2 cases out of 3) the highest.
The results of the SCL 90 (Table 4) show how the average values, for all the psychopathological symptoms, stand below the threshold of interest, which is generally set equal to 1. It is also interesting to observe how the GPG, for most of the indices, have the lowest average value.
These first descriptive statistics highlight that for many indices of all three questionnaires, the average values are lower for the security guards than the ones of the operators who belong to the two comparison groups (B1 and B2). More generally, the values for the two groups that most frequently work in underground (GPG and B2) are lower with respect to those who work predominantly outside (B1).
For each index, the correlation coefficient has been calculated and the analysis of normality for the frequency distributions has been performed.
Since the independent variable (years of service in the Gran Sasso National Laboratories -Year LNGS) was normally distributed, for the indexes that obtained positive results in the normality tests, the Pearson correlation coefficient could be considered. For the remaining ones, the study of the scatter plots has been necessary to verify the presence or not of a monotonous trend and thus be able to decide if to use the Spearman's Rho.
It is noteworthy as the correlation indices for Insomnia character of the TSO, for the GPG and for the 'B2' sample, have an opposite sign ( Table 5) . The correlation analysis also shows that for GPG there is a positive and significant correlation between the Positive Symptom Distress Index (PSDI) and years of service within the laboratories. Since the PSDI is a global Table 2 : Average values of GSM-V. index of the level of distress, it does not depend on a single symptom, but by the simultaneous presence of several symptoms, although under-threshold. For this reason, at this point, it was necessary the study of each index of the SCL-90 to identify which of them, in most of the respondents, has had a greater influence on the stress level. Figure 3 shows all the symptoms encountered by the SCL-90 and, for each of them, indicates the number of times in which the result is among the first three with the highest value. From Fig. 3 it is possible to see that the sleep disorders index for GPG is the one that more frequently got a high value (while remaining sub-threshold). This result also confirms the findings of the TSO, where, again for GPG, the Insomnia character is positively and significantly correlated with years of service within the Gran Sasso National Laboratories ('Years LNGS').
Always from the analysis of correlation, it is possible to note that, especially for the Spearman's rho, for sample 'B2' many of the indices of the questionnaires show a negative correlation with the variable 'Years LNGS'. Apparently, many mental illnesses seem to decrease over time passed underground. The next simple linear regression analysis phase, Figure 3 : SCL90 -For each symptom is reported the frequency with which, for each GPG, is among the three higher value indices. For GPG, the models for the Hypomanic Humor (GSM -V) and the Insomnia (TSO) confirm, statistically significant (p-value < 0.05), the correlation analysis results: there is a quite strong relationship between the years of service within the LNGS and these two indices.
Focusing on the R2 and 'Adjusted R2' values, it's possible to note that the model calculated for the Insomnia index fits adequately the collected data, showing a high-level Effect Size (ES), while the PSDI and the Hypomanic mood's ES is low-level and medium respectively. Finally, since all three indices have gotten a D-W test value close to 2 is not necessary to include other variables in the regression models. Regression analysis for sample B2 has produced models that fit well enough to real data since their respective adjusted R2 values are often higher than 0.2, which indicate an ES between the average and the highest level [28] . The Durbin-Watson test values indicate that for both models, the only independent variable (Year LNGS) is sufficient to explain the variance of the actual data.
DISCUSSION
The analysis of the results indicates that working underground in the Gran Sasso National Laboratories produces positive effects for health. This unexpected feature may be justified by the strong symbolic value by which this enclosed space, surrounded and saturated with water, is able to evoke the ancestral place where every human being has experienced the maximum perception of protection and personal safety: the womb.
Moreover, it is of particular interest to note that the symptom 'Hypomanic humor' (GSM-V questionnaire), in the two groups who work more frequently underground (GPG and B2), presents a negative correlation with respect to the variable 'Years LNGS' (GPG: rs(21) = -0.5, p<0.015; B2: r(9) = -0.447). This correlation confirms, albeit to an extent not statistically significant for the sample B2, that the hypomanic instability, notoriously influenced by biorhythms [29] (day-night, sleep-wake), tends to decrease in these two groups (especially in B2) due to environmental working conditions (light, humidity and temperature) kept constant underground during the whole year.
Based on the above considerations, as part of a project for the improvement of the health conditions for the workers represented by our sample, it could be considered the idea of increasing visits to the underground labs for those who rarely access it (sample B1). This advice, theoretically, would ensure the same benefits found in the subjects of the group B2 also for the personnel working outside, thanks to a permanence in the underground laboratory of at least an hour, twice a week: timing compatible with that usually considered effective for a psychodynamic psychological therapy. The comparison between the results obtained by the two groups that most frequently access the underground laboratories (GPG and B2) has identified two types of disorders for which the correlation of symptoms with years of service within the LNGS is diametrically opposed:
• Sleep disorders, with particular reference to insomnia; • Stress, represented and quantified by the Positive Symptom Distress Index (PSDI) of the SCL -90.
• Before going into the details of this comparison, however, it is necessary to differentiate and conceptually define the two types of protection with which the operators involved in the research are dealing:
• active conscious protection: safety and security protection that the security officers should professionally ensure; passive unconscious protection: that is what the LNGS operating personnel receives by the working environment, thanks to its strong symbolic value. In particular, we can more effectively benefit from this type of protection when through oneiric activity, not necessarily elaborated, the unconscious uses the symbolism offered by the underground labs to evoke the maternal womb experience and realize the so-called 'unconscious correction' for the conflictual stress.
In general, both groups regularly working underground (GPG and B2) have the opportunity to enjoy the passive protection but, on the basis of the data collected, it would seem that only the B2 group derives a real advantage for health: those subjects having a better relationship with sleep (and therefore with dreams) can more effectively exploit the image of the laboratories to unconsciously evoke the womb protection. Over the years the advantage of symbolic protection, for the B2 group, is expressed by the decrease in the PSDI (rs (9) = -0.574) and all psychopathological indices of SCL90. The GPG, however, because of the growing of the TSO's character 'Insomnia' with the years of service within the LNGS (rs (21) = + 0.595, p < 0.003), do not have (or have it to a lesser extent) the possibility of using the tunnel as an oneiric symbol to activate the unconscious correction and reduce the level of stress. In fact, to confirm what has been assumed, the level of stress is positively correlated with years of service in LNGS (PSDI -GPG : rs (21) = + 0.565 p < 0.005).
This contrast between the two groups can be explained by their different job functions: GPG, on the contrary of the operators of the B2 group, as a matter of fact, have the responsibility to ensure, together with the firefighters, the active protection in the laboratories intervening in emergency situations. This responsibility would cause stress, which, according to the data collected, will have a negative impact on the ability to sleep: Fig. 3 shows how, for GPG, the predominant symptom in the SCL-90 is just the sleep disorder and as its mean value is the highest among all the symptoms verifiable from the questionnaire.
From the analyzed results, it is clear that those involved in safety & security tasks (in particular, the security guards) present higher stress levels and sleep disorders. Furthermore, these inconveniences grow with the number of years of service. Therefore, in the selection phase of new operators with safety and protection tasks, in order to find the ideal candidate, it might be useful to include also the evaluation of sleep disorders among the discriminating parameters. In fact, a candidate who presented low values of insomnia would take advantage by the fact that, in the long run, would to a lesser extent be affected by the impossibility of reducing the stress of active protection with the benefits of passive protection.
The emergency intervention can be divided into four distinct phases [30] . Each of them are interested by specific reactions of the rescuer (GPG in our case), sometimes very marked, but which should nevertheless be considered as normal reactions due to abnormal situations. Since they are already in a condition of attentional distress during normal professional activity, GPG may be further affected by its overload in an emergency and react inadequately. All the flaws of the cognitive process that characterize the different emergency phases would be amplified, indeed. For this reason, the GPG are regularly involved in the simulation of critical situations to be able to adapt better to the unexpected and catastrophic event. This periodic training for the unexpected event adaptation is definitely important since it reduces the level of stress which GPG would face during a real emergency situation. However, in order to further improve the performance, it is needed to emphasize that this preventive strategy of not promoting the unconscious passive protection will lose its potential benefits. Therefore, specific exercises for the activation of cognitive processes involved in the elaboration of images with a symbolic value could be very useful. During these activities, security guards should get in touch (even virtually) with images able to evoke the passive protection, but absolutely neutral with respect to the work they do in an underground environment that, for them, is an usual source of distress.
As in art, both ancient and modern, the symbolism of the womb is strongly present, some sessions of art therapy could be envisaged for the operators [31] , intended as: the set of therapeutic treatments that use, as main tool, the artistic expression in order to promote health and healing. The art therapy is proposed as a technique with multiple application contexts, ranging from therapy, rehabilitation and improvement of quality of life. The archetypal symbol of the womb, with art therapy, can be evoked directly by means of images (eidetic symbolism) depicting hollow objects, houses, ships and all types of containers or, indirectly, by evocating elements that characterize the synchronized relationship between mother and child (functional symbolism). The art therapy activities, therefore, could be of two typologies depending on the symbolism that characterizes them. In the case of symbolic activation images, a proposal can be pottery workshops or simply guided tours (including virtual ones) in museums and art galleries. Through them workers employed in the active protection might activate the unconscious archetypal images, rework them and, in case, turn them into a finished product. Since these are of mainly individualistic activities, they could not allow the aggregation between the various members of the group. For this reason, it might be useful to do laboratories of art therapy based on functional symbolism like dancing: in this discipline, it is fundamental the synchronized interaction with the partner or with the group, favoring the operators' aggregation. A practical action that is very similar to the resynchronization obtained for the cerebral hemispheres with the psychodynamic development of dreams and with cognitive behavioral techniques such as EMDR actual gold standard therapy for the psychological treatment of post-traumatic stress disorders [32] .
CONCLUSIONS
The present research has demonstrated the importance of integrating into the analysis of the human factor some psychodynamic investigation techniques, capable, indeed, to stress the unconscious component of potential sub-threshold disorders, further assessing the influence of particular working environments such as the Gran Sasso mountain underground laboratories.
The analysis of the results has revealed that working in this peculiar environment produces positive effects with respect to health. This unexpected feature may be justified by the strong symbolic value by which this enclosed space, surrounded and saturated with water, is able to evoke the ancestral place where every human being has experienced the maximum perception of protection and personal safety: the womb.
The present study has also proven the importance of introducing investigative methods capable of exploring the unconscious component of an individual in the evaluation of human factors involved in safety & security.
In addition to the impressive results produced, it is important to consider at least two fundamental limitations that have emerged from this investigation.
A first aspect is represented by the gender difference among the three groups under comparison. While the sample of GPG consists entirely of male operators, in the other two groups workers of both sexes are represented. This limit certainly does not allow a proper comparison between GPG and operators who rarely go underground. It must be said, however, that about the B2, even if it is composed of individuals of both sexes, the percentage of males in the group is (almost 90%, see Table 1 ). This means that the results obtained can still be considered for a comparison with the group of security guards.
The second limit has emerged after performing the 't-test' and the ANOVA analysis. For these tests, in fact, the p-value for the various comparisons stood, in almost all cases, well beyond the significance threshold (0.05). Probably, the cause of this result is attributable to the poor numerical consistency of the three samples compared. Although the two tests are not statistically significant, this does not affect the concluding remarks on the operators working within the LNGS, but prevents its extension to a wider population.
